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What is cryo-ET?
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Blectrons for Science
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Single particle cryo-EM vs Cryo-ET

. . Drift correction
Single particle - >

cryo-EM

Total of ~50 - 100 electrons / A*2 per movie stack

Tiltseries

Cryo-ET x 35tilts —mm — x 35 tilts >

Tomogram
reconstruction




Tiltseries collection schemes

Unidirectional tilt scheme Bidirectional tilt scheme Dose-symmetric tilt scheme 1
Fourier-Space Information transfer 1
uni-directional tilt scheme bi-directional tilt scheme dose-symmetric tilt scheme 0

fast intermediate slow

PMID: 27572733



Tiltseries alignment
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Tiltseries alignment: Fiducial-based alignment (IMOD

Gold nanoparticles (10nm diameter)
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The missing wedge effect

The deteriorating influence of the missing gap depends on the tilt range and tilt increment.

S deg increment

—90-90deg -80-80deg -70-70deg -60—60deg —50-—50deg

original image

2 deg increment PMID: 9441933



Bridging cell biology and structure biology

Cells Viruses Proteins Atoms

MB3IA JO plol4

Cryo-electron tomography
Single-particle cryo-EM

Structure size 1 mm 100 pm 10 pm 1 um 100 nm 10 nm 1 nm 1A

Thermo Fisher



An overview of subtomogram averaging
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Particle picking

Direct particle picking Geometry-based particle picking Segmentation-based particle picking
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Manual picking, template matching, https://doi.org/10.1101/2024.04.26.591129

machine learning



Segmentation

Inference
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https://doi.org/10.1101/2024.01.05.574336



Segmentation for quantifying organellar ultrastructure
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High-resolution subtomogram averaging

Warp/M, EMAN2, Relion 5 ...

PMID: 33542511
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Sample thickness limitation

Bacteria

Viruses
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The mean free path is the average distance over which
a moving particle (such as an atom, a molecule, or
a photon) travels before substantially changing its
direction or energy (or, in a specific context, other
properties), typically as a result of one or more
successive collisions with other particles.

In an inelastic collision, the electron transfers energy
to the structure and loses its coherence. These
electrons damage the specimen and contribute to the
background/noise.

The mean free path of 300 keV electrons was
determined to be 280 nm for free vesicles in cryogenic
conditions (PMID: 8921626, 34873060, 29981485,
32614016)



Bacterial secretion system

T3SS system from Salmonella Efflux pump
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Bacterial flagellar motor

Stator

Flagellar motor
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Bacteriology

toplasm remnant:

Prey

flagellar - o2 Prey

relic — - cytoplasm
S remnant

PMID: 37349588

a S-layer lattice map of N. maritimus b S-layer lattice packing

N. maritimus cell

PMID: 38811725
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HIV spike

HIV spike with neutralizing antibodies HIV spike with membrane bound host receptors

PMID: 18668044 PMID: 32601441 PMID: 37993716
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HIV capsid

Immature HIV-1 Mature HIV-1
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SARS-CoV-2

a b
Prefusion Postfusion 3 closed RBDs 1 open RBD 2 open RBDs
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Thin edges of mammalian cells

8 Salmonella membranes T3SS 8 Bacterial ribosomes
Host plasma membrane Host ribosomes

Vesicles @

GABA, receptor
Sheet-like PSD
Microtubule
Endosome
Synaptic membrane
Ribosome
Actin filament

Endoplasmic reticulum (ER) m
Inner membrane of mitochondria
Outer membrane of mitochondria
Outer membrane of multivesicular body

PMID: 30281019 PMID: 33139942



Thin the sample <200nm by cryo-focused ion beam (cryo-FIB) milling

Thermo Fisher
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Cryo-correlative light and electron microscopy (Cryo-CLEM)
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Bright field Fluorescence Cryo-FIB milling



Cryo-CLEM

Cryo-FIB milling

B microscope
Equipped with fLM microscope

TEM



Cryo-CLEM

PMID: 26769364



Primary macrophage infected with Salmonella

Cryo-correlative light
& electron microscopy
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|dentifying target of interest from tomogram

Antibody DNA origami Genetically-encoded tag

SPOTs

for cryoEM
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Outlook for Cryo-ET: Interdisciplinary research and “Biology”

Integration of cryo-ET with high-resolution cryo-EM, Al-

2 based structure prediction, mass spectrometry, and

iﬁ?';ﬁgr;im i e Ry fluorescence microscopy illustrated by structural studies
= of intraflagellar transport (IFT)

PMID: 38306982




